



























































































































































































































































































































































































































































































































































































































































































































































































































































variables.	 	 	 	 	 	 	
Weston	(1978)*	 The	degree,	manner	and	pace	of	restoration	of	the	initial	system	function	and	





structure	after	an	initial	deviation	("resilience").	 	 	 	 	
Pimm	(1984)	 The	ability	of	a	system	to	resist	disturbance	and	the	rate	at	which	it	returns	to	









capacity	for	learning	and	adaptation.	 	 	 	 	 	 	
Walker	et	al.	 Capacity	of	a	system	to	absorb	disturbance	and	reorganize	while	undergoing	change	
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(2004)*	 so	as	to	still	retain	essentially	the	same	function,	structure,	identity,	and	feedbacks.	
Desjardins	et	al.	
(2015)	
Capacity	of	a	system	to	absorb	change	yet	maintain	identity	and	a	certain	degree	of	
integrity.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
TABLES	
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Table	1.	Factors	A)	promoting	or	B)	preventing	resistance	or	recovery	of	coastal	biogenic	ecosystems	
included	in	the	expert	survey.		
A.	Factors	promoting	resistance	or	recovery	
Survey	response	option	 Description	and	Examples	
Adequate	
recruitment/connectivity	
Supply	of	new	recruits	and	connectivity	with	adjacent	
sites	via	larval	or	propagule	dispersal	(e.g.	Thrush	et	al.	
2013)	
High	levels	of	beneficial	species	
interactions	
Intact	trophic	structure	facilitating	key	processes	such	
as	herbivory	and	predation,	or	mutualisms,	can	help	
maintain	biogenic	habitat	and	increase	resistance	to	
climatic	stressors	(e.g.	Mumby	et	al.	2007)	
Physical	setting	 Favorable	temperature,	currents,	isolation,	or	position	
relative	to	sediment	source	can	provide	increased	
resistance	to	climatic	stressors	by	ameliorating	their	
effects	(e.g.	Alongi	2008)	
Adequate	remaining	biogenic	
habitat	
High	amount	of	biogenic	habitat	maintained	after	
disturbance	(e.g.	Guzman	and	Cortés	2007)	
Genetic	diversity/adaptation	 Amount	of	existing	genetic	diversity	prior	to	a	
disturbance	that	enables	some	proportion	of	biogenic	
habitat	to	survive	disturbance	(e.g.	Hughes	and	
Stachowicz	2004)	
Functional	diversity/redundancy	 Multiple	species	that	play	similar	roles	in	an	ecosystem	
prevent	system	collapse	if	some	species	are	lost	(e.g.	
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Palumbi	et	al.	2008)	
Remoteness/low	human	
accessibility	
Level	of	isolation	from	any	human	disturbance	(e.g.	
Gilmour	et	al.	2013)	
Conservation	and	management	
measures	
Active	management	to	preserve	an	ecosystem	or	reduce	
non‐climatic	forms	of	stress	(e.g.	fisheries	restrictions	or	
marine	protected	areas;	Micheli	et	al.	2012)	
	
B.	Factors	decreasing	resistance	or	preventing	recovery	
Survey	response	option	 Description	and	Examples	
Space	preemption	preventing	
recovery	
Phase	shifts	to	alternative	stable	states	caused	by	
disturbance	that	then	prevent	recovery	of	the	original	
habitat‐forming	species	(e.g.	(Perkol‐Finkel	&	Airoldi	
2010)	
Additional	chronic	(biotic)	
disturbance	
Disease,	invasive	species,	predator/grazer	outbreaks	
that	reduce	the	ability	of	a	system	to	withstand	climatic	
stress	(e.g.	Hughes	et	al.	2003)	
Additional	local	anthropogenic	
stressors	
Local	harvesting,	nutrient	input,	or	other	localized	
human	disturbance	that	reduces	the	resilience	of	
systems	to	climate	disturbance	(e.g.	Strain	et	al.	2015)	
Additional	global	climatic	
stressors	
Global	stressors	(such	as	ocean	acidification)	that	
reduce	ecosystem	resilience	(e.g.	Hoegh‐Guldberg	et	al.	
2007)	
Lack	of	adequate	management	 Inadequate	protection	of	ecosystems	or	habitats	leading	
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to	reduced	resilience	(e.g.	Beck	et	al.	2011)	
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Figure	Legends	
Figure	1.		Temporal	trends	in	relative	use	of	the	terms	recovery	(grey	filled	squares),	persistence	(empty	
circles),	resistance	(grey	filled	diamonds)	and	resilience	(black	filled	triangles)	in	peer‐reviewed	
publications	on	marine	ecosystems	subjects	to	environmental	shocks	and	natural	and	anthropogenic	
disturbance	(see	Supplementary	Materials	for	details).	Regression	lines	are	included	for	each	term.	
	
Figure	2.		Schematic	outline	of	the	questions	asked	in	the	online	expert	survey.	Respondents	were	asked	to	
provide	examples	of	observed	resilience	to	climatic	impacts,	from	their	own	research	experience	(A),	rank	
the	importance	of	factors	promoting	or	preventing	resilience	(B),	and	indicate	relevant	peer‐reviewed	
papers	addressing	resilience	in	coastal	biogenic	ecosystems	(C).	The	photographs	present	examples	of	each	
ecosystem	type:	kelp	forests,	coral	reefs,	mangrove	forests	(top	row,	left	to	right),	salt	marshes,	oyster	
reefs,	and	seagrass	beds	(bottom	row).		
	
Figure	3.		Prevalence	of	resilience	in	expert	examples	and	expert‐recommended	literature.	A)	The	
proportion	of	respondents,	by	ecosystem	type,	who	reported	at	least	one	instance	of	climatic	disturbance	
during	their	career	(white	bars),	and	the	proportion	of	these	experts	that	had	witnessed	resilience	(either	
resistance	or	recovery)	following	climatic	disturbance	(black	bars).	B)	The	proportion	of	papers	
recommended	by	experts	that	focused	on	field	observations	of	at	least	one	climatic	disturbance,	included	
information	on	habitat	forming	species,	and	included	observations	after	the	disturbance	(white	bars)	and	
the	proportion	of	these	relevant	papers	that	found	either	resilience	(black	bars)	or	context	dependent	
resilience	(grey	bars).		The	sample	sizes	are	given	in	the	y‐axis	with	the	first	number	representing	the	total	
number	of	expert	respondents	or	recommended	papers	and	the	second	number	indicating	the	number	of	
relevant	cases.	
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Figure	4.	Factors	promoting	resilience	(A‐C)	and	preventing	resilience	(D‐E)	according	to	expert	examples	
(A),	expert	opinions	(B,	D),	and	literature	suggested	by	experts	(C,	E).		In	(A),	we	present	the	proportion	of	
times	experts	listed	a	factors	as	promoting	resilience,	with	a	total	of	73	factors	mentioned	by	the	57	experts	
that	had	witnessed	resilience	following	climatic	disturbance.	In	(B),	we	present	the	proportion	of	experts	
who	listed	each	of	the	categories	as	‘very	important’	in	promoting	resilience	(n	=	97	experts).		In	(C)	we	
present	the	proportion	of	times	recommended	papers	listed	a	factors	as	promoting	resilience,	with	a	total	
of	74	factors	highlighted	in	53	relevant	papers.		In	(D),	we	present	the	proportion	of	experts	who	listed	
each	of	the	categories	as	‘very	important’	in	preventing	resilience	(n	=	97	experts).		In	(E),	we	present	the	
proportion	of	times	recommended	papers	listed	a	factors	as	preventing	resilience,	with	a	total	of	60	factors	
highlighted	in	53	relevant	papers.	In	(E)	we	included	the	factor	“multiple”	when	there	were	more	than	two	
factors	reported	as	equally	impacting	resilience.	In	all	panels,	we	present	mean	proportions	(+	95%	
confidence	intervals),	averaged	across	ecosystem	types.		Therefore,	the	error	bars	can	be	interpreted	as	a	
measure	of	consistency	between	ecosystem	types.			
	
